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(71) J, Secrjgtary of State for 
Defence, London, do hereby declare the 
invention, fox which I pray that aoatent may 
bo granted to me, and the method by which 
it is to be performed, to bo particularly des- 
cribed in and by the following statement:— 
The present invention relates to variable 
incidence stator blading for axial flow rotary 
machinery such as the compressors and tur- 
bines of gas turbine engines. 

It is known. In order to improve boththe 
steady state performance and the handling 
characteristics of an axial flow rotary ma- 
chine* that the angular positions of selected 
15 rows of stator blades, including entry guides 
vanes, need to be regulated accoromg to 
preselected rules. Known methods of eon- 
trolling the positions of the blades involve 
the use of hydraulic* or fuddranlic, actuated 
pistons, levers, and rings mounted rotatably 
external to and surrounding the turbo ma- 
chine casing. Recent developments mvdve 
the use of pneumatic drives, flexible shafts 
and screw ogives. With these types of oper* 
Atfn g mechanisms some degree of flcpdbijrty 
is inevitable in the ooexating mechanism. As 
a result completely accurate positomns oj 
the blades, other than at positions where the 
movement of the blades is .detenmned i by. 
Emirmff stops, cannot be precisery controned. 

According to the present invention, an 
axial flow rotary rnachine includes a cyfin- 
drical casmg, at least one row of vanable 
incidence stator blades mounted on the cas- 
ing and extending radially mwarrfly within 
the casing, and means for varying the angles 
of incidence of the blades including for each 
row a rotatable ring mounted on a bearing 
external to and surrounding the casing and 
40 'connected to the blades, at least one pufley 
mounted radially outside the ring and con-, 
riected to the ring by a continuous belt* ana 
means for driving each pulley. 
Preferably there are two pulleys mounted 
45 diametrically opposite oris another. . 
In one form ox the invention the belt is m 
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the form of a chain running over Sprockets 
on the ring and on the pufley or pulleys. 

In another form of the invention the belt is 
in the form of a wire, preferably a stranded 
wire, which wraps once completely round 
the ring and once completely round the or 
each pulley. The drive means can be hy- 
dromaticaBy; pneumatically ox electrically 
driven. In the case of electric drive, pulsed 
or stepper motors can be effectrvelv inte- 
grated directly with digital electronic Con- 
trol means of the type currently being in- 
troduced for the control of aircraft gas tut" 
bine engines. 

The pulley mountings are preferably spring 
loaded away from the casing to ensure that 
the belt remains in tension. The bearing may 
be a ball or roller bearing, with the rotat- 
able ring being the outer race of the bearing. 
Alternatively the ring may be mounted on 
a crrcumf erential or segmented ring of anti- 
friction material. , 

A plurality of pulleys each to be associ- 
ated with a separate stator row can be moon- 
ted on a single shaft By varying the dia- 
meters of the pulleys differential movement 
of the separata Wad© rows can he achieved. 

Some embodiments of the invention will 
now be described, by way of example only, 
with reference to the diagrammatic drawings 
accomrxmylng the Provisional Specification, 
of which . " ' ^ 

Hg. 1 is an elevation in section of a g$s 
turbine engine of the type used in air- 
craft ' 

Fig. 2 is an end view of a rotatable ring 
mounted on bearings and connected by a 
continuous stranded wire to a pair of pul- 
leys, 

Fig. 3 is a detail sectional view along the 
lines 33 of Fig. % 

Fig, 4 is a detail view in the direction of 
arrow 4 on Kg. 2, 

Fig. 5 is a view of a shaft carrying 3 
pulleys and driven by two motors. 

F3g> 6 is a view in the direction of arrow 
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6 of Eg. 5 showing the mounting of a 
motor* and 

Kg. 7 is a detail end view; corresponding 
to Fig. 2. and showing an alternative means 
of mounting a rotatable ring. 

An aircraft gas turbine engine shown gen- 
erally at 10 in Kg. 1 has an outer casing 11 
and an inner casing 12, Mounted within 
the casing 12 is a rotor having a compressor 
13 connected by a shaft 14 to a turbine disc 
15. The compressor 13 has a plurality of 
rows of rotor blades as indicated at 16. 
Mounted on the inner casing 12 are a plur- 
ality of rows of stator blades as indicated at 
17. ffrrfafn of the rows of stator blades 
17 are rotarable by tha action of rotatable 
rings such as those indicated at 18, as will 
be described below, to vary their incidence. 

Each ring 18 (FJg. 2 and 3) is the outer 
race of a ball bearing; the mnpr xace 19 of 
Which is rigidly located with respect to me 
mner casing 12 by stigots such as that shown 
at 20 in ¥1& 3. Between the inner race 

19 and the inner casing 12, at each spigot 

20 position, is a circumferential BelleviJIe 
tvpa washer 21 which compensates for any 
differential expansion between the casing 12 
and the inner race 19. A continuous stranded 
wire 23 passes completely around the ring 18, 
in which it Ees in a channel 22, and also 
completely round each of two pulleys 24 
which lie on a diameter of the engine 10 
radiatry outboard of the ring 18. As will 
be apparent from Fig. 2 the wire is in con- . 
tact with the xmg 1$ and the pulleys 23 over 
more man 350° of their cn^nnfieronces. 

Each pnDey 24 (Fig, 5) is mounted on a 
shaft 25 driven by a motor 26". Fig. 5 
shows 3 pulleys 24 each for a different row 
17 Of stator blades, mounted on a shaft 25 
driven by two motors 26* Each motor 26 
(Ejg. 6) Is mounted on a mounting 27 and 
is spring loaded by a spring 28 away from 
the inner casing 12, 

The stator blades of the rows 17 are ro- 
tatabty mounted on the inner casing 12 of 
tha engine 10. Each blade, one of which is 
shown at 29 in Rga. 3 and 4 is mo unte d 
within the casing 12 on one end of a rod 30 
carried in a bearxag 3L The rod 30 projects 
externally from the casing 12 and at its 
other end is rigidly secured to a lever 32 
an end 34 of which is carried in a recess 33 
in the ring 18. 

In operation the motors 26 are rotated in 
synchronism so rotating the shafts 25 and 
hence the pulleys 24* Rotation of the pul- 
ley? 24 serves through the mtormedjary of 
the wise 23 to- rotate the ring 1 8_ Rotation of 
the ring IS moves the ends 34 of the levees 
32 so causing rotation of the stator Wades 
29* Hie motors 26> which caa be hydro- 
marically; - pncnmafically or electrically 
driven, are progressively activated in re- 
sponse to various engine parameters accord- 



ing to methods well Jcuown in the art To 
prevent overrunning stops (not shown) may 
be fitted either to the motors 26 or to nre- 
vent excessive rotation of the ring 18L 

It will be apparent that in the- embodiment 
described above any loads applied to the cas- 
ing 12 will be symmetrically distributed. As 
mc loads required to rotate the stator blades 
29 are comparatively small the amount of 
tension in the wire 23 to prevent friction 
not be excessive. In any event, when 
stops are fitted to prevent excessive rotation 
of the ring 18, any slipping of the -wire 23 
win be automatically compensated during 
one cycle of stator blade 29 rotation. Itw3 
also be apparent that as an alternative to the 
wire 23 a chain running in sprockets in the 
nng 18 and on the pulleys 24 win operate 
as does the wire 23. When using a cHm it 
toI not be necessary for the chain to com- 
pletely encircle the ring 18 and pufleys 24. 
AJsoiging a chain, as the chain need only 
be sufficiently tensioned to avoid slipping 
a sprocket so niinirnising loading on the 
mner casing 12, only one pulley 24 may be 
required. 

Many variations of the above described 
embodiment are possible within the scope of 
the invention. For example, the shaft 25 
may be supported adjacent the pulleys 24 in 
spring mounted bearings, the motors 26 ba» 
nig rigidly mounted on the casing 12 in such 
\ W as to allow some end float of the 
Shaft 25. It wili frequently be possible to 
use only one motor 26 with the rmdriven 1K> 
end pi the shaft 25 being supported by a 
bearing. This r^cularly appEes when a 
shaft 25 has only one pulley 24 mounted 
thereon- As an alternative to bang the outer 
race of a ball bearing the ring 18 can be the 105 
ou£er race of a roller bearing, or may, as 
fflnstrated in Kg. 7 be mounted on a plur- 
ahry of Segments such as that shown at 35 
mounted cftcuniferentially arormd the cas- 

}X each segment 35 having a surface 36 110 
of anti-friction material. 

WhUst the above description with refer- 
ence to Hgures 1 to 7 refers to rotation of 
compressor stator blades, it will be appreci- 
ated that the same drive means can be used ^ 
to rorat& turbine stator blades. 

WHAT I CLAIM IS : — 



70 



75 



80 



85 



90 



95 



t I- An axial flow rotary machine includ- 1^0 
mg a eylmdrlcal easmg; at least one row of 
variable incidence stator blades mounted on 
tf^ casing and extending radially inwardly 
witluu the casing; and means for varying the 
angles of incidence of the blades including 125 
for each row a rotatable mounted on 
a bearing external to and surroimding the 
casing and connected to the blades, at least 
one pulley mounted radially outside the 
rmg and connected to the ring by a contm- 130 
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nous belt, and means for driving each pulley. 

2* An axial flow rotary jttadtun^ as 
claimed in claim 1 wherein, there are for 
each rotatable ring two pulleys mounted dia- 
metrically opposite one another. 

3. An axial Sow rotary machine as 
claimed in claim I or in claim 2 wherein 
too belt is in the form of a chain which runs 
over sprockets on the ring and on the pulley 
or pulleys* 

4. An axial flow rotary machine as 
claimed in claim 1 or in claim 2 wherein the 
belt is in the form of a wire which wraps 
once completely round the ring and round 
the or each pulley. 

5. An axial flow rotaiy machine as 
claimed in any one of claims 1 to 4 having 
several rows of variable incidence stator 
blades wherein a plurality of pulleys are se- 
cured to a common rotatable shaft 

6. An axial flow rotary machine as 
claimed in claim 5 wherein the pulleys moun- 
ted on a common shaft have different dia- 



7. An axial flow rotary machine as 
claimed in. any one of claims 1 to 6 wherein 
the or each pulley mounting is spring loaded 
away from the casing. 

8. An axial flow rotary machine as 
claimed in any one of claims 1 to 7 wherein 
the or each pulley is associated with hydro- 
matic driving means. 

9 4 An axial flow rotary ma ch in e as 
cjpfrn pri in any one of gfawwg 1 to 7 wherein 



the or each pulley is associated with pneu- 
matic driving means, 

10. An axial flow rotary machine as 
claimed in any one of claims 1 to 7 where- 
in the or each pulley is associated with elec- 
trical driving means. 

11. An axial flow rotary machine as 
claimed in claim 10 wherein the electrical 
driving means include a pulsed motor. 

12. An axial flow rotary machine as 
claimed in claim 10 wherein the electrical 
driving means include a stepper motor, 

13. An axial flow rotary machine as 
claimed in claim 11 or in claim 12 wherein 
the electrical driving means are integrated 
with digital electronic control means. 

14 An axial flow rotaiy machine as 
claimed in any one of claims 1 to 13 where- 
in the bearing is a ball or roller bearing, 

15. An axial flow rotaiy machine as 
claimed in any one of claims 1 to 13 where- 
in the bearing; is a circumferential ring of 
anti-friction material. 

16. An axial flow rotary machine as 
claimed in any one of claims 1 to 13 where- 
in the bearing is a segmented ring of anti- 
friction material 

17. An axial flow rotary machine, sub- 
stantially as described with reference to the 
drawings accompanying the Provisional 
Specification, 

P. It ROBINSON, 
Chartered Patent Agent, 
Agent for the Applicant 
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Panted for J&r Majes^s Stationery Oaleo by Bmgqa & Soa (AbinsdCJj)* 
Published at The Patent Office, 25 Southampton BnUdJcgs, London, WC2A 1AY, 
Scorn which copies may be obtained. 



PAGE 29/36 ' RCVDAT 4/25/2006 3:04:53 PM [Eastern Daylight The] * SVR:USPT0-EFXRF-2/13* DNIS:2738300 * CSID:4803855061 ' DURATION (mnMS):1M4 



Apr. 25. 2006 12:05PM INGRASSIA FISHER & LORENZ PC 



No. 8300 P. 30 




PAGE 30136 ' RCVD AT 4/25/2006 3:04:53 PM [Eastern Daylight Time] 1 SVR:USPTO-£FXRF-2f13* DN1S:2738300 4 CSID:4803855061 * DURATION (mnvss):1M4 



Apr. 25. 2006 12:05PM INGRASSIA FISHER & LORENZ PC 



No. 8300 P. 31 



1499531 PROVISIONAL SPECIFICATION 
2 SHEETS Ttiis drawing " repndoction of 
the Orij/no/on o reduced scale 

Sheet 2 



FIG. 3. 




FI6.4. 
22 S3 33 . 18 32 




26-v 



FIG.5. 
24 25 24 24 




as-. 



—v. 



FIG. 7. 



FIG. 6. 





PAGE 31/36 ' RCVD AT 4/25/2006 3:04:53 PM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-2/13* ONIS:2738300 1 CSID:4803855061 * DURATION (mnvss):1M4 



